Root, crown, and fruit rot caused by Phytophthora capsici Leonian causes significant damage to cucurbit hosts in Michigan annually, and in recent years the incidence and severity of disease have increased. There are few resistant cultivars of cucurbits, and cultural, chemical, and rotational strategies often do not provide adequate control when conditions are favorable for disease. P. capsici is heterothallic and requires both A1 and A2 compatibility types (CTs) to complete the sexual stage and form thick-walled oospores (4) . Phenotypic and molecular evidence suggest that sexual recombination plays an important role in generating genotypic diversity and that oospores persist dormantly in Michigan soils for extended periods of time (6) (7) (8) . The systemic phenylamide fungicide (PAF) mefenoxam is applied by cucurbit growers in Michigan to protect plants from P. capsici. Characterization of the inheritance of mefenoxam sensitivity in P. capsici determined by in vitro crosses and comparison of progeny phenotypes to the expectations for Mendelian inheritance indicates that insensitivity is conferred by a single incompletely dominant gene with isolates falling into one of three categories: fully sensitive (S), intermediately sensitive (IS), and fully insensitive (I) (6) . The mode of action of the PAFs, using metalaxyl as the representative compound and cultures of P. infestans and P. megasperma f. sp. medicaginis indicate that metalaxyl specifically inhibits uridine incorporation into RNA (3). Because of the rapidity with which PAF insensitivity has arisen in natural populations of oomycetes (9) and the ease of generating insensitive isolates in vitro (1,2), it is thought that a single mutation is likely to be responsible for generating the insensitivity allele and that insensitivity is highly probable with extended PAF use (4).
Screening P. capsici for sensitivity to mefenoxam using amended-agar techniques is a fast and inexpensive tool to characterize variation in natural populations, but it may not accurately predict mefenoxam-P. capsici dynamics in planta. Our objective was to test the null hypothesis that in vitro screening adequately predicts the reaction of mefenoxam-treated cucurbits to infection by P. capsici isolates designated sensitive, intermediately sensitive, and insensitive to mefenoxam based on amended-agar screening.
MATERIALS AND METHODS
Cultures of Phytophthora capsici. In experiment 1, isolates were selected from a cross between isolates 244 × 216 and included one sensitive isolate (244216-78), one intermediately sensitive isolate (244216-32), and one insensitive isolate (244216-58). Isolates 244 and 216 were recovered from naturally infected cucumbers in Michigan and are both intermediately sensitive to mefenoxam. The cross was performed by placing 7-mm plugs of each isolate approximately 2 cm apart on RA (rifampicin 30 ppm, ampicillin 150 ppm) amended UCV8 (840 ml distilled water, 163 ml unclarified V8 juice, 3 g CaCO 3 , 16 g Bacto agar) plates and incubating in the dark for 3 months at room temperature. Oospores were germinated and individual oospores isolated as previously described (6) .
In experiment 2, eight isolates of P. capsici recovered from naturally infected hosts in Michigan, North Carolina, or New York were used (Table 1) . Hosts included pumpkin (Cucurbita pepo L.), cucumber (Cucumis sativus L.), yellow squash (Cucurbita pepo L.), and bell pepper (Capsicum annuum L.). Isolation and generation of single zoospore cultures were accomplished as previously described (6) . Three isolates were sensitive, two isolates were intermediately sensitive, and three isolates were insensitive to mefenoxam (Table 1) .
Laboratory screening for mefenoxam sensitivity and compatibility type. Single oospore and single zoospore isolates were screened for in vitro response to mefenoxam by placing agar plugs from the edge of actively expanding single oospore colonies at the center of 100 × 15 cm UCV8 plates amended with 0 and 100 ppm mefenoxam (Ridomil Gold EC, Novartis, Greensboro, NC, 48% AI, suspended in sterile distilled water and added to UCV8 agar cooled to 49°C). Two mefenoxamamended and two control plates were inoculated for each isolate per screen. Each screen was conducted twice. Inoculated plates were incubated at 22 to 23°C for 3 days and colony diameters measured. Percent growth of an isolate on amended media was calculated by subtracting the inoculation plug diameter (7 mm) from the diameter of each colony and dividing the average diameter of the amended plates by the average diameter of the unamended control. Isolates were assigned a mefenoxam sensitivity based on the percent growth of the control and were scored as sensitive (S) if growth at 100 ppm was less than 30% of the control, intermediately sensitive (IS) if growth was between 30 and 90% of the control, and insensitive (I) if growth was greater than 90% of the control (6). Compatibility types were assigned by pairing isolates with field isolate OP97 The susceptibility of mefenoxam-treated cucurbit plants to infection by isolates of Phytophthora capsici that were sensitive (S), intermediately sensitive (IS), and fully insensitive (I) to mefenoxam in vitro was investigated to determine if in vitro screening will accurately predict the response of mefenoxam-treated cucurbit plants to infection by P. capsici. Isolates were recovered from a cross between IS parents or from naturally infected cucumbers, squash, pumpkins, and peppers in Michigan, New York, and North Carolina. Pumpkin or yellow squash seedlings were treated with water or mefenoxam at either 19.17 µg/ml or 57.51 µg/ml 24 h prior to inoculation. Four days after inoculation, all of the isolates of P. capsici exhibited similarly high virulence on the water-treated seedlings. The diameter of the lesions produced by S, IS, and I isolates on mefenoxam-treated seedlings ranged from no visible lesions for S isolates to lesions indistinguishable from those produced on water-treated plants for I isolates. These findings are consistent with the expectations based on in vitro screening and suggest that in vitro screening of mefenoxam sensitivity using a single high rate of mefenoxam (100 ppm) provides useful information for predicting the response of natural populations of P. capsici to mefenoxam.
(A1 compatibility type) and SP98 (A2 compatibility type) on UCV8 plates, incubating the plates at 23 to 25°C in the dark for 3 to 6 days, and visually inspecting the plates after 3 days for oospore formation.
Seedling growth and inoculation. Both experiments were conducted in a growth chamber (Controlled Environments Inc., Pembina, ND) that provided 14 h of light from four 60W cool-white fluorescent bulbs and maintained 23.5°C night/25.5°C day temperatures. Pumpkin (cv. Aspen F1 hybrid) and yellow squash (cv. Seneca prolific) seedlings were used in experiments 1 and 2, respectively. Both hosts are commonly infected by P. capsici in Michigan, New York, and North Carolina.
Seedlings with the first true leaf emerging were treated with either mefenoxam or distilled water 24 h prior to being inoculated with P. capsici. Inoculations were made by either placing 7-mm plugs of actively expanding mycelium onto the unwounded surface of the plants at the soil line and gently pushing moist soil against the plug to ensure continuous contact of mycelium with the plant epidermis (experiment 1), or by pouring 10 ml of a mycelial slurry at the base of the plant (experiment 2). The mycelial slurry was generated by growing isolates on RA-UCV8 media for 3 days before mincing the cultures briefly (three 5-s bursts) using a mixer (Ivan Sorvall Inc., Norwalk, CT). Following inoculation, the soil was kept moist with distilled water.
Pathogen response on mefenoxamtreated seedlings. In experiment 1, pumpkin seedlings were drenched with 100 ml of distilled water (DW) or with mefenoxam at either 19.17 µg/ml or 57.51 µg/ml (Ridomil Gold EC, 48.8% AI) 24 h prior to inoculation with UCV8 agar plugs with or without the pathogen. The 19.17 µg/ml treatment corresponds approximately to the rate of application used by some vegetable growers in Michigan, and the 57.51 µg/ml treatment is three times that rate. A third rate of 191.7 µg/ml (10× the field rate) was used in preliminary studies, but was not investigated further due to significant stunting of plants compared with untreated controls. In experiment 2, yellow squash seedlings were drenched with 100 ml of either DW or a 57.51 µg/ml solution of mefenoxam 24 h prior to inoculation with P. capsici.
Statistics. In both experiments, the treated plants were arranged in a completely randomized design. Each plant/ inoculum combination was replicated five times within an experiment, and each experiment was conducted twice. Experiments were terminated after 4 days, and the length of acropetal lesion expansion from the point of inoculation was measured. Results were similar between the replicate experiments, and data were combined for statistical analysis. A one-way analysis of variance was performed with PROC GLM of SAS (release 6.12; SAS Institute, Inc., Cary, NC). Lesion size was compared between the water-and mefenoxam-treated plants for each isolate using the least squares means t test.
RESULTS
In experiments 1 and 2, the stems of pumpkin and yellow squash plants treated with water and inoculated with P. capsici became constricted at the point of inoculation and developed orange-brown lesions extending up from the soil line. Plants treated with mefenoxam and inoculated with sensitive isolates had no visible disease symptoms (Table 2) . Mefenoxamtreated plants inoculated with intermediately sensitive isolates had symptoms similar to those observed on the water-treated plants, but the lesions were approximately half the length. There was no difference in the ability of insensitive isolates to infect water-treated or mefenoxam-treated plants (Table 2) . In experiment 1, the intermediately sensitive isolate caused significantly smaller lesions on the pumpkin plants treated with mefenoxam at 57.51 µg/ml than on plants treated at 19.17 µg/ml (2.08 +/-0.09 cm and 2.57 +/-0.14 cm, respectively). There was no difference in the ability of insensitive isolates to infect water-treated or mefenoxam-treated plants.
DISCUSSION
Hwang and Kim (5) have suggested that in hot peppers a portion of the efficacy of metalaxyl may be due to an increase in the capacity of treated plants to produce the phytoalexin capsidiol. If an analogous phenomena (e.g., mefenoxam stimulates plant defense) were occurring in cucurbits, then it is possible that in vitro screening would not accurately predict the reaction of mefenoxam-treated cucurbit plants to infection by isolates of P. capsici deter- Table 2 Seedlings were drenched with 100 ml of the mefenoxam suspension or distilled water 24 h prior to inoculation. c Difference in lesion length between treated and untreated plants where ** = significant difference at P = 0.01, * = significant difference at P = 0.05, and ns = no significant difference according to least squares means t test. mined to be insensitive through laboratory screening. In this study, mefenoxam protected pumpkin and yellow squash seedlings from infection by isolates of P. capsici determined to be sensitive via in vitro screening, but did not protect against isolates designated intermediately sensitive or insensitive. Lesions on mefenoxam-treated seedlings inoculated with intermediately sensitive isolates were about half the length of lesions on water-treated seedlings, and there was no difference in the size of lesions produced by insensitive isolates on water or mefenoxam-treated plants. These results indicate that the reaction of P. capsici to mefenoxam in pumpkin and yellow squash seedlings agrees with the reaction of P. capsici to mefenoxam suspended in V8 agar.
In conclusion, it appears that in vitro mefenoxam screening provides a useful assessment of the sensitivity of P. capsici to mefenoxam in cucurbits. The ease, relatively low cost, and speed of screening P.
capsici isolates on mefenoxam-amended agar allow populations of P. capsici to be monitored in a timely manner and provide useful information for predicting the response of natural populations of P. capsici to mefenoxam. 
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